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Introduction

In this paper, we would like to clarify Random Access Response (a.k.a. message 2) and introduce the optimization of DL L1/L2 control channel in case of RA-RNTI.

Clarification for message 2 transmission
In [1], it has pointed out that 
if we consider a load of up to 150 access/sec, and a collision probability of 5*E-3, we need to have

1) 5 aRACH’s with each 64 random signatures (resulting in 320 signatures)

2) 10 aRACH’s with each 32 random signatures, and 1 bit used for other information

It implies that we should consider to have at least 5 RACH resources, i.e. RACH chuck, in order to meet this limits. As a result, we think that we should clarify how the multiple RACH resources and the message 2 are related.
Assuming 1 access opportunity (5 RACH resources) per the RACH interval (e.g., 10ms), following alternatives could be foreseen as shown figure 1.
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Figure1. Two alternatives of mapping between RACH resource and message 2
Even if we consider a load of RACH as 150 access/sec, normally the number of RA response in message 2 would be small due to the facts that we can expect that there is in average 1.5 access / the RACH interval (10ms). Then, since we believe that one of the reasons why the message 2 is intended for the multiple UEs in one DL-SCH message [1] is to get the multiplexing gain, alternative 2 is preferable.
However, if we adopt alternative 2, one problem could be raised as follows. As specified in [2]. the message 2 conveys at least
· RA-preamble identifier

· Timing Alignment information

· Initial UL grant

· Temporary C-RNTI

So, if two UEs pick the same signature but different RACH resource, the eNB should in principle distinguish them. Since they unfortunately selected the same signature regardless the RACH resource, the eNB can not differentiate their RA-responses in message2 to be transmitted as shown in figure 2.
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Figure 2. Problem with alternative 2
Proposal 1:
We propose that message 2 also conveys “RACH resource identifier” in order to identify the UEs with same signature but different RACH resource
Optimization of L1/L2 control channel for message 2

[3] has been proposed to use a special format for the L1/L2 control channel in case of PCCH-RNTI. We also believe that a kind of this optimization would be beneficial to save L1/L2 control channel and have other useful information. 
In this sense, we try to make a special format for the L1/L2 control channel in case of RA-RNTI. 
As stated in [3], 
“the L1/L2 control channel format for paging indication does not include DL MIMO information, modulation scheme and HARQ information, as DL MIMO information and modulation scheme should be static and HARQ is not applied”. 
We also think that theses parameters would be unnecessary to be included in L1/L2 control channel in the specific cases and this fact could be applied to L1/L2 control channel in case of RA-RNTI because modulation scheme should be static and HARQ is not applied [2] as well.

As a result, if we remove these parameters from L1/L2 control channel in case of RA-RNTI, at least 8 bits could be saved, e.g., modulation scheme 2 bits + HARQ information 6 bits. 
Thus, for using the saved bits, we propose to use a bitmap on RA-preamble identifiers in L1/L2 control channel. For example, assuming 8 bits to be saved, 64 signatures are divided into 8 groups as shown in table 1.

	Bitmap Position
	Signature Index

	1
	0 ~ 7

	2
	8 ~ 15

	3
	16 ~ 23

	4
	24 ~ 31

	5
	32 ~ 39

	6
	40 ~ 47

	7
	48 ~ 55

	8
	56 ~ 63


Table 1. Relation between bitmap position and signature index
So, the eNB sets the “Bitmap Position” in L1/L2 control channel based on RA-preamble identifier in message 2 to be transmitted. For instance, if 3 UEs are trying to access with signature #5, #23 and #41 respectively and only UE1 with signature #1 is successful but other two UEs (UE2 and UE3) with signature #23 and #41 are not due to e.g. power-ramping, the eNB sets 1st bitmap position in DL L1/L2 control channel and transmits message 2. Then, 3 UEs read the L1/L2 control channel for the message 2 within a window and check the bitmap. As a result, UE2 and UE3 can early realize their failures without reception of message 2 on DL-SCH. Therefore, expected gains are that the indicated UEs as failure by using the bitmap can rapidly retry random access and get rid of unnecessary processing for decoding message 2.
Proposal 2:

If agreeable to optimize L1/L2 control channel in case of RA-RNTI, we suggest to have bitmap in L1/L2 control channel for early response of access.
Conclusion
In this paper, we propose the following points on RA procedure
Proposal 1
· In order to identify the UEs with same signature but different RACH resource, message 2 also conveys “RACH resource identifier”
Proposal 2

· If agreeable to optimize L1/L2 control channel in case of RA-RNTI, we suggest to have bitmap in L1/L2 control channel for early response of access. 
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Text Proposal

A text proposal is included below:

End of Text Proposal

10.1.5
Random Access Procedure

The random access procedure is characterized by:

-
Common procedure for FDD and TDD;

-
One procedure irrespective of cell size;

-
Early contention resolution shall be used i.e. eNB does not wait for NAS reply before resolving contention.

The random access procedure is outlined on Figure 10.1.5-1 below:
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Figure 10.1.5-1: Random Access Procedure

The four steps of the random access procedures are:

1)
Random Access Preamble on RACH in uplink: 

-
6 bits to carry: a random ID, and possibly (FFS) 1 bit of other information:

-
Cause or size, potentially with priority;

-
Pathloss or CQI to allocate UL resource appropriately.

NOTE:
the total number of bits is 5 for alternative TDD.

2)
Random Access Response on DL-SCH:

-
Semi-synchronous (within a flexible window of which the size is one or more TTI) with message 1;

-
No HARQ;

-
Addressed to RA-RNTI on L1/L2 control channel;

-
Conveys at least RA-resource identifier, RA-preamble identifier, Timing Alignment information, initial UL grant and assignment of Temporary C-RNTI (which may or may not be made permanent upon RRC Contention Resolution);

-
Intended for one or multiple UEs in one DL-SCH message.

3)
First scheduled UL transmission on UL-SCH:

-
Uses HARQ;

-
RLC TM: no segmentation;

-
Conveys at least UE identifier (C-RNTI if available);

-
In case of initial access and if the size of the message allows it, the initial NAS message (or something allowing to build the initial NAS message in eNB) can be included;

-
Size of the message is dynamic.

4)
Contention Resolution on DL-SCH:

-
Not synchronised with message 3;

-
Content of the message is FFS;

-
HARQ is supported;

-
Addressed to the Temporary C-RNTI on L1/L2 control channel (at least for initial access):

-
For UE in RRC_CONNECTED, the use of C-RNTI, HARQ and the consequences thereof (e.g. delay impact on other UEs in conjunction with HARQ) are FFS;

-
HARQ feedback is transmitted only by the UE which detects its own UE identity, as provided in message 3, echoed in the RRC Contention Resolution message.

At initial access, the four steps are:

1)
Random Access Preamble on RACH;

2)
Random Access Response generated by the MAC sublayer and transmitted on DL-SCH;

3)
RRC Connection Request generated by the RRC layer and transmitted via CCCH on UL-SCH;

4)
RRC Contention Resolution generated by the RRC layer and transmitted via CCCH or DCCH (FFS) on DL-SCH.

The Temporary C-RNTI is promoted to C-RNTI for a UE which detects RA success and does not already have a C-RNTI; it is dropped by others. A UE which detects RA success and already has a C-RNTI, resumes using its C-RNTI.

Random access procedure for initial access described above is modelled in Figure 10.1.5-2 below from L1 and L2/3 interaction point of view. L2/L3 receives indication from L1 whether ACK is received or DTX is detected after indication of Random Access Preamble transmission to L1. L2/3 indicates L1 to transmit first scheduled UL transmission (RRC Connection Request in case of initial access) or Random Access Preamble based on the indication from L1.
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Figure 10.1.5-2: Interaction model between L1 and L2/3 for Random Access Procedure
End of Text Proposal
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